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livestock and poultry in the United States by 20 percent. A genetically
engineered vaccine for colibacillosis or scours, a diarrheal disease that
kills millions of newborn calves and piglets each year, is already
available. A subunit vaccine has been genetically engineered for
foot-and-mouth disease in cattle, which remains a serious problem
throughout South America, Africa, and the Far East. Other vaccines
are being developed for rabies, swine and canine parvovirus, fowl
plague, bovine papilloma virus, and many other diseases.

Certain products of biotechnology will be used to detect and monitor
the progress of disease, so that treatment can begin before economic
losses occur. Researchers are developing monoclonal antibodies to
diagnose bluetongue (a viral disease in sheep transmitted by gnats),
equine infectious anemia, bovine leukosis virus, and a number of viral
diseases that strike dogs and cats. Monoclonal antibodies can also fend
off disease by conferring passive immunity to an infectious agent.
Furthermore, as is the case throughout genetic engineering and
biotechnology, researchers use such tools as monoclonal antibodies to
learn more about the origins and mechanisms of diseases, which can in
turn point toward more effective therapies.

All the products mentioned above are made through fermentation
processes or cell culture techniques. But biotechnology has another,
fundamentally different, capability in agriculture. It can be used to
genetically alter agriculturally important animals, plants, and mi-
crobes, producing crops and livestock with characteristics that cannot
be achieved through traditional breeding programs. For instance,
microorganisms might be genetically engineered that provide nitrogen
to important crops, greatly reducing the need for fertilizer. Plants
might be produced that grow faster or in more places or that have
larger and more nutritious yields. Animals might be able to secrete
elevated levels of their own growth hormone so that they grow faster
and larger. These are the truly revolutionary agricultural applications
of biotechnology, and they are the subject of this chapter.

Genetically Engineered Microorganisms in Agriculture

Microorganisms in the environment affect the growth of plants and
animals in a variety of ways, many of which are still poorly understood.
As research progresses, it should be possible to genetically engineer
these microorganisms to yield hardier and more productive crops and
livestock. Given the unresolved difficulties involved in altering the
genetic material of plants and animals, this may be the first direct
application of genetic engineering in agriculture.